Depending on the taxonomist, between 150 and 300 rose species are distinguished, only 10 to 20 of these contributed to the most of more than 20000 modern cultivars. AFLP analysis on a collection of 88 rose species and rose cultivars showed a clear molecular distinction between the species and cultivar groups in the tested plants. Other molecular techniques, based on the sequences of evolutive markers (nrITS, rbcL and matK) revealed more detailed information on the phylogenetic relationships between rose cultivars and rose species. A focus was set towards these species that contributed to the modern rose cultivars e.g. Rosa multiflora, R. wichuraiana and R. chinensis. For the sequencing of the ITS, matK and rbcL regions, primers were developed and used in the analysis. The use of rbcL revealed few polymorphisms in roses. ITS and matK regions gave polymorphisms useful for phylogenetic work in roses.
INTRODUCTION
The genetic background of modern rose cultivars is very narrow. The aim of this study is to evaluate the use of different molecular tools to examine relationships between species and cultivars in roses. AFLP is widely used in roses as in other plant species for variety identification, taxonomical studies and for the construction of genetic linkage maps. Sequence data of nuclear, mitochondrial and chloroplast DNA are more and more applied in taxonomic studies. In this study AFLP-data, chloroplast sequences, matK (maturase K) and rbcL (rubisco large subunit) and nrITS (nuclear Internal Transcribed Spacer) sequence data were used.
MATERIAL AND METHODS
An AFLP study was conducted on 88 rose genotypes chosen between species and cultivars. The species belonged to the sections: Caninae, Cinnamomeae, Gallicanae, Pimpenellifoliae, Chinensis and Synstylae. DNA preparation for AFLP was based on a CTAB protocol (Weising et al., 1995) . AFLP fingerprints were generated on an ABI Prism 377 DNA sequencer using Perkin Elmer Biosystems kit for fluorescent fragment detection (Perkin Elmer, 1995) . Selective amplification was done with 6 EcoRI -MseI primer combinations using 6 selective nucleotides: EcoRI-AAC/MseI-CAT, EcoRI-AAG/MseI-CTA, EcoRI-ACA/MseI-CAG, EcoRI-ACT/MseI-CAT, EcoRI-AGC/MseI-CTA, EcoRI-AGC/MseI-CAG. Similarity coefficients (Jaccard) and dendrograms (UPGMA) were calculated using SPSS.
For the sequencing work DNA was prepared using a modified CTAB protocol (Doyle and Doyle, 1987) . Sequences of 35 rose genotypes, cultivars and species of the same sections as for AFLP, with one plant of two additional sections, Carolinae and Laevigatae, were generated. For rbcL and matK 3 primer pairs were used, for ITS 2. For matK primer pairs were used or developed, based on existing literature and experience on 142 rose and apple (Coart, 2003; Matusmoto et al., 1998) , for matK primers were based on Matsumota et al. (2001) , for rbcL primer pairs were developed based on primers used for azalea (Dendauw, results not published). PCR program: 5 min -95°C, 35 x (1min -95°C, 1 min -55°C, 1min -72°C), 72°C -7 min. Sequences were generated on an ABI Prism 377 DNA sequencer. Raw sequence data from the several contigs were assembled using the Auto Assembler software (Applied Biosystems). Alignment was carried out with the software Clustal W and checked manually in BioEdit. Parsimony was done with PAUP 4.0 Beta (Swofford, 1999) . Trees were obtained using 100 X bootstrapping, stepwise addition and bisection recognition as branch swapping algorithm.
RESULTS
For the AFLP-method in total 612 markers were taken into account. A considerable degree of genetic differentiation was observed between the species group (with related varieties) and the group of only cultivars ( Fig. 1 and 2 ). Within the cultivar group most of the hybrid teas and floribunda roses clustered together. The only two species that clustered with the cultivar group were R. chinensis minima, and to some extent R. multiflora. Related plants grouped together and with the exception of the Caninae and Gallicanae all sections of species could be distinguished in the dendrogram as clear clusters (Fig. 1) . Most of the Caninae, Gallicanae and Alba roses formed one cluster.
For the sequence analysis, rbcL was discarded due to too few polymorphisms. ITS, generated the best result with 32 informative variables (point mutations) in 717 evaluated nucleotides. For matK 15 variables were informative out of 1581 analysed nucleotides, all these were point mutations except for the group of R. pimpenellifolia sspp., where an insertion of 11 bp occurs. For the matK sequence five groups of 3 to 7 genotypes had identical matK sequences (Fig. 3) 
DISCUSSION
The narrow genetic background of cultivars makes the gene pool used in breeding programs very small, therefore it is not surprising to find a clear distinction between the group of rose cultivars and the group of species in the AFLP analysis. Debener et al. (1996) came to the same conclusion by use of RAPDs. History of rose breeding learns that R. multiflora and R. chinensis were on the limited list of species that contributed to modern rose cultivars in more 'recent' rose history. In the analysis R. multiflora and especially R. chinensis minima are more related to the cultivars than to the other species. Within the cultivars, known relationships are proven by AFLP markers. This was the case for the parent plants 'Melflor' x 'Melglory' resulting in a cluster with offspring cultivars: 'Professor Boesman' and 'Melrose'. Next to these related plants of the DvP-breeding program, a cluster of cutrose cultivars from another breeder was found: 'Ravel', 'Rossini', 'Pavarotti', 'Vivaldi', 'Timeless' and 'Red Velvet', suggesting a close relationship among these genotypes (Fig. 1) .
For the sequence analysis, the uni-parentally inherited chloroplast markers like matK and rbcL are better conserved, whereas the ITS region in the ribosomal DNA is more the subject of variation by hybridisation. MatK is known to evolve about 3 times faster than the more conservative rbcL, and is therefore more powerful for phylogenetic work in angiosperms (Hilu and Liang, 1997) . In our analysis the polymorphisms for rbcL were too little for further analysis. Morgan et al. (1994) used rbcL in a wider perspective on the family of Rosaceae and made a grouping in known subfamilies.
Species and related cultivars were clustered together and to a large extend also by section for matK and ITS ( Fig. 3 and 4) as was the case for AFLP. For both, ITS and matK sequences, roses of the Caninae (sub)section, the Gallicanae section and 'Alba' roses are clustered closely together, as was seen for the AFLP results with exception for R. rubiginosa (Caninae subsection Rubiginosae). The ancestors of 'Alba' roses are thought to be R. canina and R. gallica (Wylie, 1954) . Other sections also formed clades in the ITS and matK analysis e.g. Synstylae. For the Pimpenellifoliae three sspp. of R. pimpenellifolia formed one clade but were not grouped with R. hugonis. Matsumoto et al. (1998 Matsumoto et al. ( , 2001 ) also found grouping by section with matK but not for the section Pimpenellifoliae.
For ITS and matK, R. chinensis and R. chinensis minima clustered with the group of cultivars as in the AFLP analysis. R. wichuraiana an assumed anchestor of modern roses is only linked with the cultivars for the ITS analysis and not for matK (not tested for AFLP).
Some of the cultivars used e.g. 'Porcelaine de Chine', 'Guirlande d'Amour' and seedling 8837 (all diploid) are known to be closely related to species as is revealed by the ITS analysis. However, with matK they are grouped with the cultivars suggesting a cultivar was once used as a mother plant.
Family links are known in some of the groups with identical matK sequences. example 'Melglory' as a mother plant has the same chloroplast sequence as the other cultivars (F1) in that group. However for other plants as R. wichuraiana and 'Heidetraum' with a known paternal link no relation can be assumed out of the matK results.
For ITS (Fig. 4) more cultivars related to species cluster together with the species compared to matK (Fig.3) . This might be due to the practical breeding work where the introduction of species by use of pollen turns out to be more efficient than by use as a mother plant.
The biparental inheritance of ITS sequences gives another view on related cultivars than maternal inherited matK. Aberrations in ITS sequence might be due to the hybrid character of cultivars and nonconcerted evolution. By allopolyploidy and by nonconcerted evolution ITS polymorphisms can appear in Rosa within one plant (Matsumoto et al., 2001; Wisseman, 2003) therefore cloning of the ITS sequence to find polymorphisms in the ITS-region in one plant is advisable but was not within the scope of this work. 
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